Objectives Spontaneous bacterial peritonitis (SBP) is a common and high-mortality infectious complication of patients with cirrhosis. New inflammatory markers are associated with morbidity/mortality in various diseases. The aim of our study was to find the 30-day mortality rate of SBP and their predictors. Patients and methods Seventy patients with cirrhosis complicated with SBP and 55 non-SBP controls were enrolled into the study, and patients were evaluated for mortality rate and its predictors. Results The 30-day and 3-month mortality rates in the SBP group were 26.1 and 50.7%, respectively. Mortality rates were higher in the SBP group than in the controls. Symptoms at hospital admission and cell counts in ascitic fluid made no difference in predicting 30-day mortality. Patients with SBP with high serum neutrophil counts, high neutrophil-lymphocyte ratio, high C reactive protein (CRP)/albumin ratio, and high model for end-stage liver disease (MELD) score had higher 30-day mortality rates. We determined optimal cutoff values of MELD scores and serum neutrophil counts for predicting 30-day mortality as 20.5 and 6850/mm 3 , respectively. The sensitivity and specificity for the MELD cutoff value were 83.3 and 80.4%, respectively. We also followed up patients for 60 months after SBP; the patients with high inflammatory markers and MELD scores at the time of SBP diagnosis had worse survival compared with the group with lower levels. Conclusion Our results suggest that SBP has high 30-day mortality. MELD scores and inflammatory markers (CRP, CRP albumin ratio, neutrophil-lymphocyte ratio) may be used to predict mortality in patients with SBP. Eur J Gastroenterol Hepatol 30:786-791
Introduction
The incidence of bacterial infection in patients with cirrhosis is 4-5 times higher than in the general population [1, 2] . The altered intestinal microbiota, barrier dysfunction, and immune dysfunction play a role in this increase [3] [4] [5] [6] . Infections are a common cause of decompensation in patients with cirrhosis [2] . Bacterial infections can result in liver and/or extrahepatic acute organ failure, and this group of patients has a high rate of mortality [7] . Spontaneous bacterial peritonitis (SBP) is a common bacterial infection in patients with cirrhosis. SBP incidence is lower in asymptomatic outpatients [8] . However, the frequency is increasing in hospitalized patients. In addition, the mortality rate also is significantly higher, reaching up to 37% [9, 10] . Determining the prognosis plays an important role when giving information to the patients and their relatives, determining the treatment strategy, and establishing follow-up plan. Recent studies that evaluated prognostic indicators of mortality in patients with SBP concluded with variable results. There are studies showing an association between high mortality rate with renal dysfunction and model for end-stage liver disease (MELD) scores in patients with hospital-acquired SBP [11] . Management of liver cirrhosis complications has high cost [12] . Therefore, there is a need for new cost-effective, easily accessible, and reproducible markers to determine the prognosis of SBP. The neutrophil-lymphocyte ratio (NLR) and C-reactive protein (CRP)/albumin ratio (CAR) are simple, inexpensive, reproducible inflammatory markers that can be calculated easily from complete blood count and routine biochemical results. NLR has been shown to be associated with prognosis in a large number of malignancies. However, there are studies that showed the value of NLR in inflammatory-infectious conditions such as uveitis, Crohn's disease, sarcoidosis, and tuberculosis [13] [14] [15] [16] [17] . CAR is a new inflammatory marker that can be calculated from the results of some routine biochemical blood tests. It has been shown to be associated with disease activity in inflammatory diseases such as Crohn's and ulcerative colitis [18, 19] . The aim of our study was to determine the 30-day mortality rate in SBP and to evaluate the value of new inflammatory markers such as NLR and CAR to predict mortality.
Patients and methods

Patients
Five hundred and fifty patients with cirrhosis who presented to our clinic were included in the initial assessment.
All these patients' disease history, physical examination, and standard laboratory tests were evaluated. Four hundred and twenty-five patients who had missing medical records, had active infection and/or were suspected to have other infections other than SBP, took antibiotics in the previous month, did not have ascites, had gastrointestinal bleeding/malignancy, and were on immunosuppressive therapy were excluded from this study. Moreover, patients with suspicious secondary ascites infection were excluded. SBP was defined as more than 250 cells/mm 3 polymorphonuclear cells in the ascites of patients with cirrhosis without any intra-abdominal infections or malignancies [20] . As a result, 70 patients with SBP were included in the study. Moreover, 55 patients with cirrhosis with ascites but without infection were included into the study as the control group. Child-Turcotte-Pugh and MELD scores were calculated. At the time of diagnosis of SBP, the NLR and CAR were calculated as the ratio of neutrophil-lymphocyte counts in complete blood count and CRP-to-albumin ratio, respectively. Normal value of CRP was accepted as less than 5 mg/dl. However, NLR and CAR, as new biomarkers, had no accepted normal values yet. Additionally, the patients were started on appropriate therapy after SBP diagnosis and followed up long term (60 months) in the outpatient clinic. The study was performed in accordance with good clinical practice and the Declaration of Helsinki and was approved by the local ethical committee (Ethical Committee of Istanbul Medical Faculty, 1536-712).
Statistical analysis
The data were analyzed using the 'statistical package for the social sciences (SPSS), version 24.0 for Windows' (IBM Corp., Armonk, New York, USA). Continuous variables are expressed as mean and SD. Categorical variables are expressed as the number of cases and the percentage value. Continuous variables were analyzed using the Kolmogorov-Smirnov and Shapiro-Wilk tests to determine whether there was normal distribution. Student's t-test and the Mann-Whitney U-test were used depending on the variables' situation, that is, whether they were normally distributed. The comparison of categorical variables was performed using the χ 2 and Fisher's exact tests. Spearman's
correlation test was used to analyze the relationship between NLR, CAR, and other inflammatory markers. To determine the cutoff value of NLR, neutrophil count, MELD score, and CAR, receiver operating characteristics (ROC) curve analysis was used. Kaplan-Meier and log-rank tests were applied for survival analysis. Statistical significance was set as P value of less than 0.05.
Results
We evaluated the medical records of 550 patients with cirrhosis who presented to our hospital. A total of 425 patients with cirrhosis were excluded owing to study criteria. The study flow chart is given in Fig. 1 . Seventy patients with SBP and 55 with cirrhosis with noninfectious ascites were enrolled into the study. The mean age was 57.8 15.6 years in the SBP group and 56.2 11 years in the noninfectious group (P = 0.530). Sex distribution was similar in both groups (female ratio in the SBP and non-SBP groups was 50.1 and 49.1%, respectively) (P = 0.309).
In the SBP and non-SBP groups, the etiologies of cirrhosis were similar (P = 0.124). Hepatitis B was the most common etiology in both groups (25.7% in patients SBP and 23.6% in the non-SBP group). Cryptogenic etiology and alcohol were the following most common etiologies of cirrhosis in both groups. The presenting symptoms of patients with SBP at the time of hospital admission were increased abdominal distention, abdominal pain, and fever (46.9, 25, and 15.6%, respectively). In contrast, the most common symptom in patients without SBP was worsening abdominal distention (58.3%), but there was no abdominal pain and fever. The symptoms of the two groups at hospital admission were significantly different (P < 0.001).
Spontaneous bacterial peritonitis versus nonspontaneous bacterial peritonitis cirrhotic patients
The mean white blood cell (WBC) counts, neutrophil counts, NLR, CRP, and CAR levels were higher in the SBP group than in the non-SBP group (P = 0.001, <0.001, <0.001, <0.001, and <0.001, respectively). However, the erythrocyte sedimentation rate and albumin values were similar between the two groups (P = 0.725 and 0.552, Fig. 1 . Flow chart of the study. AFI, ascitic fluid infection; SPB, spontaneous bacterial peritonitis.
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In the SBP group, there were significantly positive correlations between NLR and CRP (r = 0.576, P < 0.001), CAR (r = 0.591, P < 0.001), and WBC (r = 0.479, P < 0.001). Moreover, there were positive correlations between NLR and MELD (r = 0.420, P < 0.001) and the Child-Pugh score (r = 0.482, P < 0.001).
Mortality analysis
In the SBP group, the 30-day mortality rate was 26.1% (n = 18), whereas the mortality rate was 4% (n = 2) in patients without SBP (odds ratio: 1.74; 95% confidence interval: 1.37-2.22; P = 0.001). The 3-month mortality rates were 50.7% (n = 35) in the SBP group and 22% (n = 11) in the non-SBP group (odds ratio: 1.63; 95% confidence interval: 1.2-2.1; P = 0.002).
The symptoms of patients at the time of admission were assessed as a factor if they made any difference in the 30-day mortality. Patients with SBP who were admitted with symptoms of fever (30 vs. 22.2%) (P = 0.68), abdominal pain (25 vs. 22.9%) (P = 0.86), and hepatic encephalopathy (60 vs. 20.3%) (P = 0.08) had the same 30-day mortality rate as patients without these symptoms.
The mean WBC, neutrophil, NLR, CRP, Child-Pugh score, MELD score, creatinine, and CAR values were significantly higher in patients with SBP with 30-day mortality compared with patients with SBP without mortality. However, there was no difference in the mean lymphocyte, thrombocyte, erythrocyte sedimentation rate, albumin, ascites, WBC, and ascites-neutrophil counts in patients with SBP according to mortality. For details, see Table 2 .
From the ROC curve analysis, the optimal cutoff values to predict 30-day mortality were determined for neutrophil counts, NLR, CRP, MELD scores, and CAR. Details of this analysis are given in Table 3 and Fig. 2 . The MELD scores and neutrophil counts were the most successful scores to determine 30-day mortality in patients with SBP; the cutoff values for the MELD score and neutrophil count to predict mortality were 20.5 and 6850/mm 3 , respectively. Thus, using 20.5 as the cutoff value, the estimated sensitivity of MELD score was 83.3%, the specificity was 80.4%, the negative predictive value was 93.2%, and the positive predictive value was 60%. The area under the curve was 0.80, and the accuracy in predicting mortality was determined as 81.2% (Table 3) .
Patients with SBP were followed up for 60 months. Using the cutoff values determined in the ROC analysis, patients with SBP were divided into two groups. Kaplan-Meier survival analysis showed that long-term survival of patients with high numbers of neutrophils, NLR, CAR, CRP, and MELD scores was significantly worse (Fig. 3) . Discussion SBP is one of the most common and highly mortal complications of cirrhosis. The primary end point of our study was the determination of a 30-day mortality rate and factors that predicted mortality in patients with SBP. In our study, despite optimal treatment in the SBP group, the 30-day mortality was 26.1% and the 90-day mortality was 50.7%. Kim et al. [21] found that in-hospital mortality was 18% in patients with SBP. In the same study, the authors showed an increase in mortality of patients (18-27%) with late ascites sampling and late diagnosis of ascites infection [21] . In another study, 30-day mortality was found to be 37.7% in patients having cirrhosis with bacterial infection. Infections secondary to extensively drug resistant bacteria have been shown to have higher mortality [22] . However, in this study, not only patients with SBP but also patients with spontaneous bacteremia were evaluated. Therefore, the results do not reflect only patients with SBP.
Sometimes SBP has an obscure clinical presentation; it might result in late diagnosis or misdiagnosis. We found that the symptoms of patients with SBP at hospital admission differed from patients without infection. However, in our study, the symptoms that alarm physicians such as abdominal pain and fever were found in only 25 and 15.6% of patients with SBP, respectively. Most of the patients had no symptoms suggestive of ascites infection. In a similar study, Al-Bendary et al. [23] showed that only 25.9% of the patients with SBP had fever and 18.5% of the patients had no complaints at the time of diagnosis. Even though ascites sampling is recommended by the guidelines, studies report less sampling than necessary. A study showed that only 60% of patients with indications for paracentesis underwent ascites sampling [24] . Therefore, ascites infections may be missed or receive delayed diagnosis. The mean blood leukocyte, neutrophil, CRP, NLR, and CAR values of patients with ascites infection were significantly higher in our study. In patients with ascites with no other suspected infection, the elevation of these values should alert physicians for any ascites infection and paracentesis should be performed as soon as possible.
Predicting mortality is important for clinical follow-up and informing the patient. In our study, we showed that the mortality of ascites infection is more frequent in patients with higher WBC, neutrophil, NLR, CRP, Child-Pugh score, MELD score, creatinine, and CAR values. Tsung et al. [25] reported that the in-hospital mortality of patients with SBP was 38.9%. In the same study, the authors showed that Fig. 3 . Kaplan-Meier survival analysis results for long-term survival of patients with spontaneous bacterial peritonitis. the Child-Pugh score, MELD score, serum bilirubin, serum creatinine, serum prothrombin time, and presence of hepatocellular carcinoma were associated with mortality in patients with ascites infection. In our study, an increased inflammatory response was associated with higher mortality rates. Furthermore, we excluded patients with hepatocellular carcinoma for possible influence on the mortality, unlike Tsung et al. [25] who included this patient group. Therefore, we evaluated a more homogeneous patient group with ascites infection only. In another study that evaluated mortality of patients with SBP, 30-day mortality was found as 41% [26] . This mortality rate is higher than the rate in our study (26.1%). The lower mortality rate of our study might be because of the patients being younger (57 vs. 62 years) and the absence of patients with hepatocellular carcinoma. In another study, Poca et al. [27] found the in-hospital mortality rate of SBP as 28% and showed that mean arterial pressure, serum leukocyte count, and serum urea levels were related to mortality. Similarly, our study showed that mortality was higher in patients with high serum leukocyte counts. Moreover, in our study, we showed that patients with SBP with high basal creatinine level at the time of SBP diagnosis had higher 30-day mortality rates. In the study of Poca et al. [27] , it is interesting that serum urea levels were associated with mortality, yet serum creatinine levels or renal insufficiency were unrelated. In a recent study, Fernandes et al. [28] studied relation of calprotectin levels in ascitic fluid and mortality in patients with SBP. They could not demonstrate any difference according to short-term and medium-term mortality in survivor and nonsurvivor patients with SBP. Different studies determined different factors related to mortality. These different results across the studies might be because of the difficulty of forming homogeneous groups in populations of patients with decompensated cirrhosis. In our study, it was seen that patients with ascites infections who had high serum neutrophil count, NLR, CAR, CRP, and MELD scores had significantly higher mortality rates in long-term follow-up. The cutoff value for predicting 30-day mortality in the present study was 20.5 for the MELD score. In a similar study, Tsung and colleagues found a cutoff value of 20 for the MELD score [26] . In the current study, cumulative surveillance analysis revealed that the survival of patients with high neutrophil counts (>6850/mm 3 ), high NLR (>9.2), high CAR (>28.04), and high CRP (>64.9 mg/l) was shorter.
One of the interesting results of our study was that the presenting symptom(s) at hospital admission did not predict mortality in the SBP group. Patients with SBP who were admitted to hospital with hepatic encephalopathy had a higher 30-day mortality rate, but this was not statistically significant. There might have been a different result if the number of patients in this group was higher.
As a result, 30-day mortality rates were higher in patients with ascites infections compared with non-SBP group. There are different mortality rates in the literature owing to nonhomogeneous patient groups. However, the MELD score and inflammatory markers (NLR, CAR, and serum neutrophil count) might be used to predict 30-day and long-term mortality of patients with ascites infections.
